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I. INTRODUCTION 
The production of milk by dairy cows is regulated by environment; feed, 
weather, management, disease, etc., and heredity. The hereditary portion 
of producing ability is decided in the zygote stage, but exogeneous 
factors can influence a cows' production. The majority of those factors 
are temporary while some factors, such as blind teats caused by injury or 
blind quarters caused by severe secretory tissue atrophy through mastitis 
would affect milking ability permanently. The prediction of a cow's next 
lactation production, which includes both genetic producing ability and 
permanent environmental effects, is an indirect estimation of a cow's 
profit. A better prediction would increase farmer's net income by 
aceurate culling of low producing cows. 
Numerous methods have been developed to estimate cow's producing 
ability in the past 50 years. The principle of these methods is to try 
to eliminate the portion of temporary environmental effects by deviating 
it from a proper mean and then regress the deviation by repeatability (an 
average correlation between two lactations), Herdmate comparison and linear 
model are two main approaches of these procedures. The main assumptions 
under these methods are that bulls are randomly used across herds and cows 
have an equal chance to show their lifetime performance. These assumptions 
can hardly hold now, because of wide uses of artificial insemination (AI), 
special mating under contract between bull stud and farmers s and culling 
of cows having low production. 
Attempting to improve the accuracy of predicting of a cow's future 
production is the purpose of this work. Unequal producing ability of a 
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cow's herdmates (non-random use of sires), genetic trend, elimination of 
the effect of selection (cows' unequal chance of showing their lifetime 
production) are considered and compared in this study. New procedures 
to account for these factors are derived also. 
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II. LITERATURE REVIEW 
The prediction of the future production of cows within herds gives a 
guide to the ranking and culling of low producing cows. Hopefully, proper 
culling of the low producing cows would increase the profit from operating 
a dairy. This prediction is mainly based on the correlation be­
tween records within cows. Usually, the correlation between nonconsecu-
tive records is somewhat lower than those between two consecutive ones 
(Berry and Lush, 1939: Barr and Van Vleck, 1963; Butcher and Freeman, 1969). 
For practice and convenience, Berry and Lush (1939), and Lush (1945) sug­
gested that the accurate way of estimating a cow's producing ability is to 
use all the previous information a cow has had and assume a common correla­
tion between any two records. The term, moat probable producing ability, 
was first used by Lush (1945) and defined to be the herd average plus 
, . • times the difference between a cow's average and the herd average, 
1 +in-l)r 
where n is the number of lactations included in her average and r is the 
correlation within a herd between records of a cow. 
Deviating a single record or average records of a cow from the herd 
average assumes that the herd average is an estimate of the mean producing 
ability of the population from which she comes. "cGilliard (1952) showed 
that year to year changes in the herd averages are irregular and herd aver­
ages are not a good measure of the change in average ability of that herd. 
Dividing yearly herd average change into changes in average producing abil­
ity and changes in environmental conditions from year to year was then 
suggested by McGilliard (1952). For accurate estimation of a cow's real 
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producing ability, genetic trend (change In average producing ability), 
environmental trend (change in management), and the effects of season of 
calving have become major considerations in dairy cattle selection and 
evaluation since the 1950's. 
A. The Elimination of Both Genetic and Environmental 
Trend and the Effect of Season of Calving by 
Deviating of Individual Record(s) from a Subclass 
Mean 
Deviation of a record from a subclass average is an attempt to elimi­
nate or remove the effects of that particular subclass. The main assump­
tions for achieving this goal are; the herdmates are each sired by a 
different bull and have the same genetic merit for milk production, selec­
tion goals are same in all herds and areas, and the age adjustment factors 
are unbiased for any age. This concept was originated in Europe and was 
further elaborated upon in New Zealand, Sweden, Great Britain, and the 
United States (Johansson, 1960; Searle, 1964). Subclasses such as herd 
average (riA), herdmate average (HMA), adjusted herdmate average (AHMÂ), and 
regressed adjusted herdmate average (RAHMA) were used in sequence. Gaunt 
and Legates (1958) suggested excluding the record of the cow in question 
and the records of her paternal half-sisters. Bereskin and Hazel (1962) 
showed that the correlation between separate proofs of a bull was higher 
when records were expressed as deviations from herdmate averages which ex­
cluded both the cow and her paternal half-sisters than when only the cow's 
records were excluded. Keidhues, Van Vleck, and Henderson (1961) showed 
that the adjusted herdmate average is an estimate of the true herdmate av­
erage. Biased rankings of sire effects would result if only herd averages 
are used (Van Vleck, Heidhues, and Henderson, 1961). For the purpose of 
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sire evaluation, daughters of artificial insemination (AI) bulls are 
widely distributed across herds, genetic difference between herds need to 
be eliminated and could be reduced by using the 1RAHMÂ (Heidhues, Van Vleck, 
and Henderson, 1961). 
As genetic progress has been made by the efforts of dairy breeders, 
the validity of the herdmate comparison assumptions is questionable. 
Norman, McDaniel, and Dickinson (1972) found that the regression of daugh­
ter deviations from herdmate average on average predicted difference (PD) 
of the herdmates' sires was between -0.72 and -1.14. They claimed that 
the differences between bulls in the genetic merit of herdmates affect 
sire rankings and suggested that adjusting for herdmate sires' genetic 
value would increase the accuracy of the herdmate comparison procedure. 
This suggestion was accepted by USDA and applied in the latest sire summary, 
November, 1974, and was also adopted at Iowa Dairy Record Processing Center 
by using herdmate cows' Estimated Average Transsaitting Ability (EATA) in­
stead of herdmate sires' PD to adjust the herdmate average. EATA is cal­
culated from records on the cow herself, dam, daughters, paternal and 
maternal sisters. 
The effects of season of calving vary from region to region and dif­
ferent seasonal groupings were proposed for different regions (Tucker, et 
al., 1960; Van Vleck and Henderson, 1961; Miller, 1962; Corley et al., 
1963). Bereskin and Freeman (1965a) suggested that one seven month season 
(October through April) and one five month season (May through September) 
would be effective in removing the effects of season of calving for data in 
the Iowa Records Processing Center. Herd-year-season (HYS) is therefore a 
familiar contemporary herdmate subclass name and has been used for more 
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than 15 years in dairy cattle breeding. 
With the herdmate comparison technique being used extensively in both 
the past years and now. Freemangave a very conclusive summary about the 
advantages and disadvantages of this technique and the assumptions it en­
tails as in the following: 
The advantages of the herdmate comparison method are that: i) it is 
easy, ii) it can be applied to a large data set, iii) it doesn't require a 
large core in the computation machine and iv) it has been proven effective 
in dairy cattle improvement. The disadvantages of this procedure are that: 
i) it lacks desirable statistic properties, ii) it may get biased esti­
mates when assumptions are not valid and iii) its use must be considered 
for each application. Since the superiority of the subject is judged rela­
tively to others in the same subclass, the following assumptions are needed: 
i) the model needs be correct, ii) the subclass mean is measured without 
error, iii) each cow is sired by a different bull and sires are randomly 
used among herds and iv) cows have an equal chance to express their 
lifetime performance. 
B. The Estimation of Both Genetic and Environmental 
Trends and the Effects of Season of Calving when 
Fitting a Linear Model 
The linear fitting and estimation of both environmental and genetic 
trend has been well described by C. R. Henderson in the last two decades. 
Henderson (1949) was the first to show a maximum likelihood fit of year 
(fixed) and cow (random) effects simultaneously with known repeatability 
E. Freeman, Department of Animal Science, Iowa State University. 
Unpublished Animal Science 651 class notes. 1974. 
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and got unbiased estimates of year effects and selection index estimates 
of cow effects. He found that when cows were subject to truncation 
selection, the least-squares method for estimating the effects of changing 
herd environment gave biased estimates (Henderson, 1949; Henderson et , 
1959). He introduced the fixed genetic group concept, mean real producing 
ability of a group of cows or sires, into his maximum likelihood method 
(Henderson, 1963). This method was called the Best Linear Unbiased Predic­
tion (BLUP) or simplified as mixed model (Henderson, 1973). 
The mixed model technique is a combination of the features of selection 
index techniques and modified generalized least-squares estimation. This 
procedure has two important properties: i) the estimators are unbiased and 
(ii) the index maximizes the correlation between the predictor and the 
predictand (Henderson, 1973). For avoidance of bias from selection, 
Henderson (1973) suggested that using only first lactation from progeny to 
get a more accurate estimation from hia mixed model techniques. ÎJith large 
computation facilities and efficient programming for large data sets, it 
appears that the mixed model will be applied in the field of animal breeding 
in the near future. 
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III. SOURCE OF DATA 
The data of milk yield for this study were obtained from Iowa, 
Missouri, and Kansas Dairy Herd Improvement Associations (DHIA) at the 
Iowa Dairy Records Processing Center. The following requirements were set 
for inclusion of the herds into the file used for this study. 
1. The herd must have been on test continously from May, 1967, to 
April, 1974. 
2. The herd must have completed a minimum of 18 complete lactations 
which were sire identified and comprised at least 90% of the total lacta­
tions per year. 
A total of 324 herds with 125,348 lactations met these two requirements. 
Of the total sires there were 113 which had more than 200 records each. 
These 113 sires were considered as a foundation sire group for picking 
herds for the final file. Their daughters' 2X, 305 days ME milk averaged 
from 4,420 kg. to 7,740 kg. The weighted average was 6,758 kg. One 
hundred out of the total 324 herds had more than 50% of their records with­
in herd from these 113 foundation sires. The final file was created from 
these 100 herds with the following additional restrictions. 
3. Offspring of the grade sires were excluded but grade cows were 
included. This is because estimating cows producing abilities through 
linear model techniques requires estimation of the breeding values of their 
sires. Grade sires usually are natural service sires which have limited 
number of offspring. The consequence of estimating breeding values from a 
limited number of offspring is lack of accuracy. For example, for a sire 
with 5(n) daughters each of which has 2(m) lactations, the accuracy of the 
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estimated transmitting ability or PD is 0.55 which is calculated from 
4. Those records which were made in a previous herd before the cows 
were purchased were excluded to avoid a biased estimation of herd-year-
season effects. 
5. Registered sires with less than 10 progeny records were not 
included. The records excluded under this restriction accounted for 7% of 
the total records from these 100 herds. 
6. To avoid bias from the projection factors for incomplete lactation 
in sire breeding value estimation, the lactations of less than 150 days were 
excluded. 
The final data file included 32,129 lactations with 384 sires. This 
data set was used for both herdmate comparison and mixed model analyses. 
The 384 sires were split up into 27 groups according to their stud-year 
distribution (Table 1) in order to account for genetic trends. 
All records were standardized to 2X, 305 days, mature equilvalent 
basis» The new USDA-DHIA mature equivalent factors (Norman et al., 1974) 
were used. Since these factors also standardize ME milk to an average 
month of freshing, most of the variation in lactation records due to sea­
son of calving had been eliminated. Regional year-season averages calcu­
lated from a total of 232,263 lactations from Iowa, Missouri, and Kansas 
are listed in Table 2. For more emphasis on the herdmate average, which 
did not exclude paternal half-sisters, the number (n) was set to a minimum 
of 15. This was done by combining a previous herd-year-season together if 
+ (m-l)r ^  (n-i)h^ with h^ = 0.25 and r = 0.53. 
ran 4n 
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Table 1. The distribution of sires in stud-year grouping 
5îïFi 
Number Stud-Year Stud Name Registration No. Sires 
1 1-1 NOBA 1113350 - 1299241 12 
2 1-2 I t  1302422 - 1382580 13 
3 1-3 I I  1406271 - 1507827 9 
4 11-1 Carnation/Genetics 1216567 - 1386406 7 
5 11-2 I I  1410387 - 1507983 5 
5 16-1 Kansas A,B.S. Unit 886182 - 1188192 11 
7 16-2 I I  1233487 - 1281874 6 
8 16-3 I I  1324328 - 1391173 6 
9 16-4 I I  1405530 - 1496636 11 
10 16-5 11  1500395 - 1538732 4 
11 21-1 Midwest Breeders Coop. ,1157778 - 1292776 14 
12 21-2 I I  1300012 - 1399380 19 
13 21-3 I I  1402113 - 1433269 7 
14 29-1 Â.B.S., Inc. 1144239 — 1189470 6 
15 29-2 I t  1212173 - 1292829 17 
16 29-3 r r  1301864 - 1399607 16 
17 29-4 I t  1404788 - 1513920 16 
18 40—1 Curtiss Breeding Svce. 1179373 - 1298430 20 
19 40-3 I I  1311794 - 1398216 17 
20 40-3 H 1400686 - 1534171 24 
21 55-1 Combined* 1070036 - 1289574 5 
22 55-2 I I  1314767 1397752 6 
^Stuus include Michigan A.B. Coop., Select Sires, Sire Power, Tri-State 
Breeders Coop., and Atlantic Breeders Coop. 
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Table 1. (Continued) 
Numb* Stud-Year Stud Name 
Sire 
Registration No. ' of Sires 
23 55-3 Combined^ 1400575 - 1508569 5 
24 99-1 Stud Code Not Found 974041 - 1296322 12 
25 99-2 I t  1301678 - 1399209 36 
26 99-3 I I  1400708 - 1498334 57 
27 99-4 I I  1501533 - 1534925 23 
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Table 2. Regional year-season average of 2X, 305 ME milk from Iowa, 
Kansas, and Missouri® 
Year-season 
Iowa Kansas Missouri 
No. of rec. Ave. No. of rec. Ave. No. of rec. Ave. 
671 4734 6360 5056 6380 2158 6380 
672 7511 6380 6907 6520 3081 6460 
681 4840 6310 5266 6500 2318 6410 
682 8359 6270 7303 6450 3394 6420 
691 5014 6220 5228 6380 2480 6240 
692 8375 6290 7495 6590 3434 6400 
701 5259 6390 5739 6700 2711 6400 
702 8703 6470 7980 6810 3555 6610 
711 5337 6460 5888 6800 2718 6640 
712 8871 6410 8175 6890 3605 6730 
721 5511 6330 6116 6730 2798 6690 
722 8899 6440 8476 6520 3782 6540 
731 5305 6470 5879 6450 2703 6440 
732 9110 6550 8198 6600 3893 6570 
^Season 1 is the summer months. 
13 
n was less than 15. A third herd-year-season which was one after the sea­
son in question would be combined if two seasons did not make 15. Two 
herdmate averages out of a total of 1400 herd-year-seasons among those 100 
herds were calculated with three herd-year-seasons_^ There were 46 (3.3%) 
herd-year-seasons that had 9 or less herdmates and 171 (12.21%) herd-year-
seasons had herdmates between 9 and 15. 
The adjusted herdmate averages were calculated as RSA + ^  ^  g (HMA.-
RSA) or RSA + ^  ^ (HMA - RSA - HMG) by using the regression coefficient 
of ^ ^  2 obtained by Bereskin (1963), where n is the number of herd-
mates, RSA is the regional year-season average, HMA is the herdmate 
average and HMG is two times the average EATA of herdmate cows. 
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IV. METHODS OF ANALYSES 
A. Estimation of the Producing Ability 
of a Cow Using Herdmate Comparisons 
1. Deviation records 
Assume a cow's lactation record is represented by the following 
model: 
^ijUm ^  + gk + ®ijk£m 
where 
^ijk&m ~ 2X, 305 ME milk of the cow, by the &— sire from 
the group, made in the j—year-season within herd 
y = the population mean 
wîi 
h,, = an effect common to all records made in the i— herd and 
ij 
.th j— year-season 
g^ = an effect common to all records from the k^ sire group 
s^^ = an effect common to all daughters of the sire which 
fcll 
belongs to the k— group 
p., . = an effect common to all records of the cow, by the 
f h flu 
fi,— sire of the fc^ group and within i-=^ herd 
^ijkJlm " effect peculiar to the record made in the ij— 
herd-year-season 5 by the cow of the A— sire in the 
1 th k— group 
The ij— herd-year-season average would be: 
15 
- ?!]... - + Sk * + Pik!# + \jkta> 
where 
n., = the total number of lactations In the ij— herd-year-
ij # » « 
season. 
Let the herdmate average for the m'— cow of the 5,'— sire within the k'— 
group made in the ij— herd-year-season be; 
®^lj ° + \i * «k + + PiMm + 
= u + hy + + Pik&m ^ijk&m) 
where 
N.. = the number of herdmates = n. . - 1, then the 
ij ij • • • 
"ii 
AHMA^^ = RSAj + ^  I 2 ^®^ij " *SAj) 
where 
kSÀ- = the j— regional year-season average (Table 2) and 
*(RSA^) — y "Î" h^ , thstcforc 
+ hj + <®^13 - " - hj) 
(«11 + 2)(M + h^> + - W - b^) 
"iJ + 2 
16 
2(m + h.) + 
*ij + : "" 
2. Expectation of deviation records 
Let Q = y.iji t- AHMA.,, the herdmate deviation record, then 
X j  k  ^  ID X j  
E(Q) - AHMy) 
N ij 
Vt + hj) - NyCHMAy)] 
° + "ij + * \'V * Pik'H'm' 
®ijk'&'m') - 2(u + ïï^) - N„ (y + h_) -
^IkAm ^  ^ijk&m^^ 
= rrVi + 2)(v + hy) + (Ny + 2)<g^, + Sk%, 
IJ 
+ - 2(V1 + h^) - «11 (w + - 2 (g^ 
~ " - KXIIÏ 
+ 9%% + Pik&m "'• 
(Assume E(y + h^^) = E(p 4 by) = regional-breed-season average) 
^ + 2 2) (8%, + \.£» + Pik'&'m' ®ijk' 
- ^ ^(8k " \!L " PikAn " =ijk&.)' 
° ®k' ®k'Jl' •'• Pik'A'm' " N.. + 2 J. ^®k ^ik£m^ 
XJ kitai 
= (producing ability of the cow in question) - (adjusted 
herdmate average producing ability) 
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Two assumptions can be made about the herdmate genetic average 
producing ability; (i) assume it is random and Its expectation is zero, 
and (11) assume it is fixed and its expectation is a fixed constant. 
Under the first assumption, Q = g^, + s^,^, + * which is the cow's 
true producing ability deviated from the population mean. It is called 
old herdmate comparison in this study. Under the second assumption, Q is 
not the cow's true producing ability. This is because Q is deviated from 
the average genetic merit of herdmate cows, besides being deviated from 
the population mean. Dr. Eastwood, at Iowa Dairy Records Processing 
Center, first (1974) attempted to adjust this average merit of herdmate 
cows by adding twice the average EATA (Estimated Average Transmitting 
Ability, which is half breeding value of the cow) of herdmate cows. The 
herdmate deviation records calculated by this approach is named new 
herdmate comparison. 
B. Estimation of Cow's Producing Ability Through Mixed 
Model Techniques—Without Considering Selection Among Cows 
This method was proposed by C. R. Henderson (1963 , 1973) and 
applied in the Northeast dairy sire summary (Lentz et , 1969). The 
fixed effects estimated by this method have maximum likelihood properties 
and the estimated random effects meet the selection index criteria 
(Henderson, 1963). 
The model for a lactation record is as shown in (1) and can be 
rewritten as follows: 
Y = X$ + ZS + WP + e (2) 
where 
18 
Y = a X 1 vector of ME milk records 
X = a known, a x b matrix 
3 = an unknown, b x 1 vector of fixed herd-year-season and group 
effects 
Z = a k n own, axe matrix 
S = an unknown, c x 1 vector of random sire effects within 
groups with E(S) = 0 and E(SS') = Dg % c 
W = a known, a x d matrix 
P = an unknown, d x 1 vector of random cow effects with E(P) = 0 
and E(PP') = Kd % d ^e 
e = a non observable, a x 1 vector of random error with E(e) = 0 
and E(ee') = Ra| = la x a Oe' 
Assume D, K and R are known and S, P and e are independent. The 
normal equations to be solved for the BLUP estimates of cow, sire, group 
and hêrd-yéâif—sêâSOïi êffêCtS âïëi 
fX'R~-X X'R"-Z X'R" ^ W  
Z'R"^X Z'R"^Z + D Z'R"'W 
r I T>~ It 
"1 
'3' X'R-iY 
s Z'R"^Y 
p ,W*R"^Y, 
(3) 
W'R~^X W'R"^Z 
Assume R = 1 and no correlations between sires nor between cows 
within sires, then(3) car. be rewritten following : 
X'X 
Z'X 
W'X 
X'Z X'W 
Z'Z + D"^ Z'W 
W'Z 
where 
\-i 
(c X c) 
W'W + 
0 
'B 'X'Y' 
S Z'Y 
P .W'Y, 
(4) 
e/a^ 
*'"'*1/0* 
s 
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and 
If""! 
(d X d) = 
*e/ : 0 
2 
^e/ 2 
^P. 
Corresponding to the model (1), = M + h^^ + g^ + + p^j^^ 
+ with groups temporarily ignored during building and absorbing 
cow and herd-year-season effects, and considering data from a single herd, 
then (I) can be rewritten as: 
^jS.m = W + hj + + p^ + e^^^ and the appropriate matrices are: 
X'X = N, 0 
N, 
0 0 
X'Z = [N,,. . 
^21- ^22- " 
Nji- Nj2. • 
0 
0 
"j.. 
N IP" 
N 
2&. 
Njt.J 
(6) 
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Z'X = (X'Z)' 
X'W 
^111 ^112 
N N 
"211 212 
^jll ^jl2 
• • ^lltnj ^121 ^122 • • • ^12m2 
• • ^21in^ ^221 ^222 * ' ' ^220^ 
N 
l&m« 
N 
2Jlm„ 
• • ^jlnij ^ j21 Hj22 • • • NjZmg ' ' ' 
(7) 
W'X = (X'W)' 
Z'Z + D —1 _ 
2 
Oe 
^1-+ %  
0 
0 
Z'W = 
N'll ^-12 N Im, 
*'2.+ *: 
0 
0 0 
I 0 
® ^'21 ^ '22* 
0 0 
N 
2m„ 
"•i." i 
0 0 
0 0 
(8) 
0 
0 
N'%1 ^ -£2 •N 
(9) 
im. 
W'Z = (Z'W)' 
W'W + K -1 N. i i  + E 
where E = Og/Op 
M.12 + B 
N , + E 
• im. 
2.2+2, 
(10) 
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(X'Y)' = [Y^.. Yg, 
"j-' 
CZ'V)' = [Y.J. Y. • • . . Y.%.] 
• 2  
(WY)' = [Y. , 1  Y. j j -  Y.im, ï.21--ï.2m„ " 
(11) 
(12) 
(13) 
The cow equations and the herd-year-season equations are absorbed 
into sire equations. The sire equations can be built on disk by direct-
access computation technique. Demonstrating absorption can be accomplished 
by showing it with two steps. The data are sorted by lactations within 
cows within herds. Absorb a single cow equation when all of her 
records have been processed and absorb herd-year-season equations when 
all of the cows within that herd have been processed. Practical ap­
proaches of absorption and solving this question is demonstrated next. 
1. Absorption of cow effects 
From (4), ignoring groups, the cows effects are: 
f /V1 
P = [WW + (W'Y - [W'X W'Z] 
= [W'W + W'Y - [VJ'W + K~M"" iW'X W'Z] (14) 
Substituting (14) back into 3 and S equations (4) then yield; 
fPl V 1 V V f »7 XÏ. A XV U 
Z'X Z'Z + D~^ 
• /\ * 
3 X'Y 
/\. 
X'VJP 
N  
X'Y X'W 
S Z'Y Z'WP Z'Y Z'W, 
x'y" x'w" [WW + K 
Z'Y Z'W 
X'W 
z'w 
[WW + K"M"^[W'X W'Z] 
22 
=> X'X X'Z 
Z'X Z'Z + D"! 
x'wl 
z'w 
X'Y x'w' 
Z'Y z'w 
[WW + K~M~^[WX W'z] 
r A 
B 
[WW + K"1]"1[WY] 
=> 
^11 ^12 
Si ^22 
'6 
•^3 
s 
'23 
(15) 
where = [X'X] - [X'W] [WW + k'^'^WX] 
N 1 
0 N 
• 0 
• 0 
• «M 
ZI "L ZZ r ^l&m"2Am 
Am W.&m+E 
I I  ^ 2&m^l&m gg ^22m 
N N N N 
iJlm lAm 1&m 2&m 
N . +E N . +E Zm '  'Km Jim 'Xm 
y y  l&m 1&m 
Am «.Am+S 
N N 29M IM 
N 
II 1&m 
N.„ +E 
m • xm 
N 
-EE 
l&m 
im 
ZZ -
2m " 
^2SLmhim 
£m 4- li 
yy 
Am 
- SS 
^lJlm^2Jlm 
im - 2 
J2 = [X'Z] - [X'W][WW + K~M~^[W'Z] 
23 
„ hiJ'-u 
" n - l  
"1 «ZlmK.im 
^21 "m N 
Im 
+ E 
„ -? ".11-"-!-
Pl- m N.j^+E 
, "22.".2. 
^22- -Z T 
•2m + E 
j2. 
, 7 "Um^-în. 
"u-'l 
N 
"/ V-M 
v-l'*# 
= [Z'X] - [Z'W][W'W + 
= (Cj,)' 
C22 = [Z'Z + - [Z'W][W'W + K"M~^[W'Z] 
®1 N2, 
^2 rr 
2m 
N - Z 
"2- m N „ +E 
• 2m 
N2 
N „ -S 
> jlm 
i '  m N. o „+E 
where D~^ is not added until all records have been processed. 
13 [X'Y] - [X'W][W'W + K"M~ [W'Y] 
24 
- m 
- SE 
Y-
N Y 
"Um -Jlra 
N  Y  
2&m '&m 
Jltn ^•£in'''® 
vr 
g* ».*m+G 
and 
C23 =' [Z'Y] - [W'W + K-1][W'Y] 
'•- l-
- E 
"" Im 
m N , + E 
• Im 
m, 
" ë 
7- "-tJ-tM 
z. Apsorption 01 nera-year-season eriects 
Let equation (15) be written as the following two simultaneous 
equations: 
CllG + =12® = <=13 
+ C22S = Cgg , then solving for 3 from first equation will 
-1 
get 3 = Cj^j^ ~ Cjj C^gS. Substitute 3 into the second equation and 
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obtain - ^ 21^11^^12^^ ~ ^^23 ~ ^ 21^11^^13^' dimension of 
equals to the number of year-seasons within herd which makes the inversion 
of possible. is the sire matrix with the dimension of the number 
of sires being processed. The sizes of these C matrices in this study 
are; Cj^j^ is 14 x 14, 14 x 384, is 14 x 1, is 384 x 14, 
Cgg is 384 X 384 and is 384 x 1. The operation of ^21^11 ^^12 
BIB J 
^21^11 ^13 be handled one row at a time and is a trans­
pose of which can be omitted. Both of these could save machine 
memory areas. Let and C^* -
* ^  * 
then 0^2 S = is the final matrix of sire information obtained from 
one herd. At the same time of absorption, can be 
stored on tape for backward procedures for estimating herd-year-season 
effects within herd. The areas of initialized to be 
zero before processing data from another herd, while the new submatrices 
* * , 
of Cg2 and are kept (15 ) for accumulating sire information from herd 
to herd. 
(15') 
Processing data for a new herd is the same as that done in the previous 
herd, as in Section B-1 absorbing cow effects. But information on sires is 
* * 
added directly onto Cgg and Cgg. Procedures of absorbing cow effects and 
0 
o
 0 " 0 
0 
A 
^22 S 
II 
,^23. 
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herd-year-season effects are repeated until all herds are processed. 
3. Building group equations from sire equations 
* * 
At the end of Section B-2, the final equation CggS = is obtained. 
The group equations then are built from these sire equations (Table 1). The 
building of group equations can be shown as in the following example. 
Let CggS = be ®11 ^12 ®13 ®14 ^15 
~ 12 ^22 "23 "24 ®25 
a' 
13 23 33 34 35 
*'l4 *'24 *'34 ^44 
m f <3' a' a ^ 
" 15 "25 "35 "45 "55 
*1 '^1' 
"2 
=3 
"3 
% "4 
=5, /-3, 
and 
Sj^, 8g and belong to group 1, Sg and belong to group 2. The 
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^12 ^13 ^14 ®15 *11^*12^*15(^*16) *13**14(^*17) 
* 12 *22 *23 *24 *25 * 12^*22^*25(^*26) *23**24(^*27) 
* 13 *'23 *33 *34 *35 *13** 23^*35(^*35) *33^*34(^*37) 
*'l4 *'24 *'34 *44 *45 *'l4**'24**45(=*46) ^'34**44(^*47) 
*'l5 *'25 *'35 *'45 *55 *'l5**'25**55(=^56) **35**'45(=^57) 
*'l6 *'26 *'36 *'46 *'56 *16**26**56 
*17 *'27 *'37 *'47 *'57 *36**46 
*17**27**57 
*37**47 
^1*VS 
S*^4 
28 
4. Augment diagonal elements of sire equations 
Add ratio of ^e/®l ,(D to the diagonal elements of sire 
equations. The normal equation of the BLUP is then finished. The size of 
the final matrix containing sire and group equations Is 411 by 411, 384 
sires from 27 groups. 
5. Solving the resulting equations 
Sire and group constants are obtained by iteration procedures. 
Iteration is a repetitive process of re-estimating the solution by use of 
previous estimates. The iteration is completed either by checking the 
difference of estimates between two iterations for the same unknown or by 
checking the difference between iterated and original right-hand-sides. 
Let the normal equation be Xb = R. then b's can be estimated iteratlvely 
as follows: 
. (R, - - X,,b' .... - X,„b')/X„. 
b| » (Rj - *2l'l " - • • • -
X '  A % = ®„ - - • • • -
the upper subscript of b represents the number of iterations. It is 
assumed that b®'s are zero for the first iteration, hence b''s are ob­
tained by multiplying the inverted diagonal element with its correspondent 
right-hand-side. 
No restrictions are needed for the sire equations to obtain a unique 
solution, since there is no dependency among those equations after the 
diagonal elements have been augmented by the ratio of <^e/o| = 7.5. The 
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group equations, collected from the sire equations before augmenting those 
diagonal elements, have one rank deficiency. Solving this final 411 by 411 
consistent equations without imposing a restriction on groups could get a 
set of consistent solutions for group effects (Searle, 1971, pp. 168-169). 
The unique solution for groups can be obtained by imposing desirable condi­
tions onto consistent solution, such as setting a certain group effect 
equals to zero or letting the sum of all group effects equal to zero. 
According to the assumption given to model (2), half of the sire's breeding 
value equals to the sum of sire effect (S) and its correspondent group ef­
fect (G), (s = G + S). Since inverted herd-year-season equations 
their covariance equations with sires (C^g) and right-hand-side members 
(C13) ware collected in Section B-2, the herd-year-season (HYS) effects 
are estimated as HYS = 
The cow effects are estimated from equation (14) which can be handled 
/ \  A  
cow by cow and from herd to herd after 3 and S have been estimated. The 
estimated producing ability is then expressed asC=G+S + P. The de­
viation of ME milk from HYS, Z » Y - HYS, and from HYS, G and § jointly, 
M = Y - HYS - G - S, for individual lactation are calculated and they will 
be discussed in Section D . 
C, Estimation of Cow's Producing Ability 
Through Mixed Model Techniques— 
Considering Selection Among Cows 
Model (2) is rewritten as 
Y = X3 + ZS + Y, (16) 
where 
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Y = WP + e, 
E(Y) = E(WP + e) = WE(P) + E(e) - 0, and 
E(Yr') = E[(WP + e)(WP + e)'] = E[WPP'W' + ee'] = (WKW + R)a^ = Va^. 
Assume V can be obtained as described in the following paragraphs. 
Butcher and Freeman (1969) used regression techniques to estimate this V 
matrix free of effects of selection with the following assumption; lacta­
tions have a multivariate normal distribution and any selection, other 
than random selection, is truncation on the preceding record. By using 
the same technique as Butcher and Freeman (1969), the variances-covariances 
among herdmate deviations (Q's) of the first four lactations are obtained 
as below: 
LI L2 L3 L4 
LI 1,287,400 746,400 617,200 479,800 
L2 1,551,000 855,000 718,900 
L3 1,461,600 819,800 
L4 1,469,600 
This variance-covariance matrix is rewritten as in (18) by taking out a 
common factor a|, 1,192,070, which is the within sires mean square esti­
mated from only first lactations. The a| is estimated from 9,847 first 
lactations out of 330 sires. The h^ estimate from the same data is 0.299. 
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LI L2 L3 L4 
LI 1.0799 0.6261 0.5178 0.4025 
L2 1.3011 0.7172 0.6031 
L3 1.2261 0.6877 
L4 1.2328 
The correlations among lactations are calculated from (18) and written in 
Table 3. 
Table 3. The estimated correlations among first four lactations of! 
deviation milk 
LI L2 L3 L4 
Lactation 1 1.00 0.53 0.45 0.35 
Lactation 2 1.00 0.57 0.48 
Lactation 3 1.00 0.56 
Lactation 4 1.00 
Table 3 is extended to an 8 x 8 correlation matrix (Table 4) so all 
available data could be used. This 8x8 matrix is constructed by 
referring to correlations of the first five lactations from Barr and 
Van Vleck (1963), Butcher and Freeman (1969), and by logical extension 
of these results. The assumption used are that the variances of lactation 
^ 4 are the same as lactation 4. Table 4 is then rewritten into a vari-
ance-covariance matrix as in Table 5. 
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Table 4. The estimated and predicted correlations of milk for the first 
eight lactations® 
Ll L2 L3 L4 L5 L6 L7 L8 
Ll 1.00 0.53 0.45 0.35 0.29 0.23 0.22 0.20 
L2 1.00 0.57 0.48 0.40 0.34 0.29 0.24 
L3 1.00 0.56 0.49 0.43 0.38 0.30 
L4 1.00 0.56 0.50 0.45 0.38 
L5 1.00 0.56 0.51 0.45 
L6 1.00 0.56 0.51 
L7 1.00 0.56 
L8 1.00 
® The 
the 
correlations among lactations 1 through 4 
others were predicted or extrapolated. 
were estimated from data. 
Table 5. The estimated and predicted variance and covariance matrix 
among first eight lactations® 
Ll L2 L3 L4 L5 L6 L7 L8 
Ll 1.0799 0.6261 0.5178 0.4025 0.3346 0.2654 0.2538 0.2308 
L2 1.3011 0.7172 0.6031 0.5066 0.4306 0.3673 0.3040 
L3 1.2261 0.6877 0.6024 0.5287 0.4672 0.3688 
L4 1.2328 0.6904 0.6164 0.5548 0.4685 
L5 1.2328 0.6904 0.6287 0.5548 
L6 1.2328 0.6904 0.6287 
L7 1.2328 0.6904 
L8 1.2328 
^ They are factored out by cr| (=1,192,070). 
33 
Cows are considered as experimental units from equation (16). 
Lactations of an individual cow are weighted respectively by their invert­
ed varlances-covariances before adding their contributions to herd-year-
season effects and sire effects. Since cows are nested within sires, group 
and herds, the normal equations can be handled herd by herd. Detailed 
procedures of building normal equations and weighing the contribution of 
lactations are described in the following two sections. 
I. Normal equations from individual cows 
Consider a cow with n lactations and rewrite model (16) for an 
individual to fit these n lactations as y = xb + zs + Y> where b is the 
herd-year-season effects and s Is the sire effect. Assume E('YY') ~ 
and V, the variances and covariances of the residual y of dimension n x n. 
is a scalar. Since v is a positive definite matrix, v can be expressed 
in the form tt', where t is nonsingular (Johnston, 1972, pp. 208-210). 
Thus, write v = tt' so that t~"vt~' = I and t~' t"' = v"'. Premultiply 
the model y = xb + zs + y by t~* to give y* = x*b + z*s + y"» where 
y* = t~S'» "* ~ t~^x, z* = t"^z and y* = t~^y. Using t~^vt~^'= I, it 
is easily seen that E(y*y*') = lo^, so that y* = x*b + z*s + y* satis­
fies all the assumptions required for the simple least-squares model. 
The b and s can be estimated from an individual cow as 
x'v~^x x'v~^z 
' "I 
b X 
z'v~^x z'v~*z s 
II 
•  . .1  
Z'V -y 
with groups temporarily ignored. 
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2. Input data by cow within herd 
Assume there is no correlation between cow effects within sires as in 
model (16), therefore V-matrix in model (16) is a block diagonal matrix. 
Those block diagonal matrices are made up of v's mentioned in the previous 
section. Normal equations from individual cow as in (19) are calculated 
separately for each cow and cumulated over all cows for a single herd. 
The resulting matrix from a single herd can be expressed as in (20). 
X'V^X x'v-^z 
z'v-^x z'v-^z 
Equation (20) is in a form similar to (15). The absorption of herd-year-
season effects into sire equations and the rest of the procedures, from 
building group equations to estimating cow effects, are the same as in 
Sections B-2, 3, 4 and 5. 
Following is an example of building normal equations for a single 
herd. Let the data structure be 
Herd Sire Cow H-Y-1 H-Y-2 H-Y-3 
' Î '  "X'V-^Y 
J s  ZSy-lY 
(20) 
1 1 14(L1) 1Ô(L2) 13(L3) 
12(LI) 
15(Ll) 10(12) 
where H-Y is the abbreviation of herd-year and LI is lactation 1. 
The V matrix for cow 1 is 
1.0799 0.6261 0.5178 
0.6261 1.3011 0.7172 
0.5178 0.7172 1.2261 
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and V, • 1  _  
1.3463 
-0.4937 
-0.2797 
-0.4937 
1.3154 
-0.3610 
-0.2797 
-0.5610 
1.2618 
Cow 2 has one lactation and her = [1.0779] and = [0.9260]. For 
the third cow, = and = 
1.2843 
-0.6180 
-0.6180 
1.0660 
1.0799 0.6261 
^0.6261 1.3011 
The equations obtained from (19) for cow 1, 2 and 3 were given below as 
A, B, C, respectively. 
A = 
1.3463 -0.4937 -0.2797 0.5729 'HYI' ' 7.3129 
-0.4937 1.3154 -0.5610 0.2607 HY2 6.8416 
-0.2797 0.5610 1.2618 0.4211 HY3 3.5116 
0.-5729 0,2607 0.4211 1.2547^ SI 17.6661 
B 
0.9260 0.9260 HYl' 11.092 
0=9260 0,9260 . SI. 11.092, 
C = 
1.2843 
-0.6180 
0.6663 
-0.6180 0.6i 
1.0660 0.4480 
0.4480 1.1143 
'HYI" 13.0845' 
HY2 
= 
1.3900 
82 14.4745, 
The accumulated information from A. B and C for this herd follows which 
is in the form of (15) or (20). 
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3.5566 -1.1117 -0.2797 1.4989 0.6663 HYl 31.5094 
-1.1117 2.3814 -0.5610 0.2607 0.4480 HY2 8.2316 
-0.2797 -0.5610 1.2618 0.4211 0.0 HY3 3.5116 
1.4989 0.2607 0.4211 2.1807 0.0 SI 28.7781 
0.6663 0.4480 0.0 0.0 1.1143 S2 14.4745 
^ } 
Absorb H-Y effects into S equations and get a reduced form, like (15'), as 
in the following which involves only sire effects and is ready to process 
from another herd. 
0 0 0 0 0 HY ' 0 
" 
0 0 0 0 0 HY 0 
0 0 0 0 0 HY 
= 0 
0 0 0 0.7114 -0.7114 SI 0. 2379 
0 0 0 -0.7114 
^ J A — A C 
0.7114 S2 
/ 
— 
—0. 2379 
D. Frédictiori of Future Lactation 
The quantities of Q = (Yijk'&'m' ~ ^ ~ "" HYS) and 
M = (Y - HYS - G - S) are calculated with the information from ail lacta­
tions but the prediction of future production Is carried out for only the 
first four lactations. HYS, G and S are estimated from the BLliP proce­
dure. This assumes that cow selection based on milk production is mainly 
carried out in early lactations. Types of prediction are separated into 
two categories and described in the following paragraphs. 
1. By using one previous lactation 
Two parameters are assumed in this study. One is heritability 
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(h^ = 0.25) and the other is repeatability (r = 0.53125). The reason for 
using a slightly high repeatability is made by assigning 
Oe/(^p = 1, when absorbing cow effects into sire and herd-year-season equa­
tions in Section B. Using model (1) , where = 
y s p e s 
(hf/4)0y, Op = (r - h2/4)0y and = (1 - r)Oy. By assigning Og/Op = 1 = 
r ^ h^/4 ' ^ equal to 0.53125 if h^ = .25. The estimated producing 
ability (EPA) in the j + i lactation is defined as follows: 
a) Herdmate comparison 
where 
EPA. = the estimated producing ability for the j + 1— 
lactation of the i— cow 
Q^ . ^ = the j— herdmate deviation from the i™ cow. 
— J  
b) Mixed model with (W) and without (W/0) V-matrix correction 
' = + = *1] = S + a + 0.5 My 
p 
wrlere 
= is the deviation of the j— record of the i— cow from 
her HYS + G + S. 
2. By using all previous information 
a) with a constant correlation between any two lactations 
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(i) herdmate comparison 
EPA 
nr 
i,j +1 1 + (n-l)r ^^1 (QJ, 
where 
= t ^ 
n. = the number of lactations. 
1" 
(ii) mixed model W and W/0 V-matrix correction 
EPA. 
n + 
nr 
and EPA^ . + 1 = y + (a-l)r ^i 
02 
P 
(ZJ, 
where 
3^ 'ij-
b) with real correlations among lactations 
(!) herdmate comparison 
^ ^ij' 
where b's are weights given to herdmate deviations of different 
lactations with the property of maximizing the correlation between EPA and 
its predictand, and are estimated from actual correlations among lactations 
(Table 3). Weights of the first two lactations for predicting the third 
lactation are estimated from tte following two simultaneous equations: 
l.OObj + O.SSbg = 0.45 
0.53bj + l.OObg = 0.57 
=> 
b^ = 0.2057 
bg = 0.4610 
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The weights given to the first three lactations for predicting the fourth 
lactation are estimated by the following equations; 
l.OObj + O.SSbg + 0.45b2 = 0.35 / 
0.53bj + l.OOb^ + O.STbg = 0.48 => " 
^.45b^ + O.Syb^ + l.OObg = 0.56 
b^ = 0.0478 
bg = 0.2188 
.b_ = 0.4138 
V 3 
(ii) mixed model W and W/0 V-matrix correction 
+ » + Yij 
The weights given to Z.. are the same as those used in the previous 
3-] 
section for . Those b's given to are different but they are esti­
mated similarly to those mentioned in the previous section by using the 
0% 
relationships among M's, f ^ 2' instead of using r _ = 
ij, ij' P • e ^ij^ij' 
Cj2 +02 
g2 +^(j2 +^02 • example, from Table 3, r^ q = 0.53, then and 
o P c H ) i2 
can be computed as 
02 _ (r _ 1^)02 = o.4675a^ 
P 4 y y 
0^ = (1 - r)c^ = 0.4700G^, 
Xl,"i2 0.4987. 
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The relationships among M's for the first four lactations are listed 
as the following: 
LI L2 L3 L4 
Lactation 1 I.0000 0.4987 0.4133 0.3067 
Lactation 2 1.0000 0.5413 0.4453 
Lactation 3 1.0000 0.5308 
For predicting the third lactation, the weight given to the first lactation 
is 0.1908 and to the second lactation is 0.4462. For prediction of the 
fourth lactation, the weights given to the first three lactations are 
0.0359 (bp, 0.2096 (b^, and 0.4024 (b^) respectively. 
c) with the relationships of variances and covariances among 
lactations, or called GLS (V-C) 
r iitaoA *-ho vflflflnces and covariances among lactations to 
estimate breeding values which fulfilled both generalized least-squares 
and BLUP properties. Here a cow's producing ability is estimated using 
the ideas as in Section C. It seems contrary to the concept that consecu­
tive lactation deserve more emphasis than nonconsecutive ones to predict 
future lactation production. Here, by using variances and covariances 
among lactations, the information contained in a lactation to estimate 
producing ability depends on its variance and its covariance with 
other lactations. A larger variance of a lactation gives less emphasis 
in predicting a cow's future producing ability. 
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(i) herdmate comparison 
Let Qy = 
where 
= the real producing ability of the i— cow and 
assumes is fixed. 
e„ = the random error, with E(ee') = v obtained from 
Table 5, 
then the generalized least-squares estimator of is given by 
^ (1 X n)^ (n X n)^(n x l)^i ^ (1 x n)^ (n x n)^(n x 1) * 
where 
n = the number of lactations 
= a 1 x n vector of I's 
v~^ = a n X n inverted matrix of the variances and covariances from 
Table 5 
y = a n X 1 vector of 
For example, to predict the third lactation from information of the 
previous two lactations for the 1ÎÎ1 cow, the equation to be solved is 
-0.6180 1.0660 
• ' 1 • c. = [1 1] ' 1.2843 -0,6180" 
1 -0.6180 1.0660 
•"ii' 
[0.6663 0.4480) = [0.6663 0.4480] 
'il 
H2 
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and 1.1143 = 0.6663 + 0.4480 
= 0.598 + 0.402 Q^^-
By using information from the first three lactations, the fourth lactation 
will be predicted as = 0.4566 + 0.2078 + 0.3356 No as­
sumption and prerequisite of repeatability are needed. Since the sum of 
those weights in each prediction equation is unity, the scale of pre-
dictand (Q^^) and predictor (C^) will be in the same magnitude; this is an 
estimator of which does not "shrink" the estimate. 
(ii) mixed model W and W/0 V-matrix correction 
Weights given to each lactation for predicting the third and fourth 
lactation are the same as those in the Section D-2-c-i; nevertheless Z and 
M are used instead of Q. These prediction equations are listed below; 
from the first two lactations; 
C = 0.598 + 0.402 
or = G + S + 0.598 + 0.402 
from the first three lactations; 
= 0.4566 + 0.2078 + 0.3356 Z^^ 
or = G + S + 0.4566 + 0.2078 + 0.3356 
All of the EPA's estimated from this Section D are summarized in 
Table 6. 
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Table 6. Summary of EPA estimations in Section D 
One All lactation 
Deviation Method lactation Const, r Diff. r GLS(V-C) 
Q HM new D—1—a D-2-a—i D-2-b-i D—2-c—i 
HM old I I  I I  -  n —  f t  
Z BLUP W/0 V - D-2-a-ii D-2-b-ii D-2-c-li 
BLUP W V - I t  I I  I f  
M BLUP W/0 V D-l-b f t  I t  f t  
BLUP W V I I  I I  f t  t i  
E. Evaluation of Estimation Procedures 
The methods of old hcrdîaate comparison^ new herdmate comparison 
(herdmate average adjusted by herdmate cows' EATA), and the mixed model 
with and without consideration of cow selection are evaluated by how well 
their EPA's agree with the future lactation production. To evaluate these 
methods, a simple correlation is calculated between EPA's and future pro-
duction. Intraclass correlations (^2 + among Q's and among Z's are 
also calculated to see if repeatability changed. 
1; By estimation of repeatability 
Since the expectation of the herdmate deviation is a cow's true 
producing ability, the following model is assumed for the estimation of 
repeatability: 
x^j = W + c^ + (21) 
where 
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= the herdmate deviation either from herdmate comparison (Q) 
or from BLUP procedure Z = (y - HYS) = g+ s + p + e for 
the j— lactation of the i— cow 
U = the effect common to all deviations in the population 
c^ = the effect of the i— cow, and 
~ the random error associated with the i— cow's deviation. 
It is assumed that 
E(c^) = 0, E(c^^) = and 
E(e,j) = 0, ECe^j:) = 
Repeatability as measured by intraclass correlation is defined as: 
a2 
r £ 
a2 + 02 ' 
c e 
when the assumptions are tulfiiled for estimating the variance compoitéiitâ. 
2. By simple correlation between predictor and predictand 
The predictor is EPA. calculated from Section D and the predictand 
includes future ME milk, deviated ME milk and EPA of lactation 3 or 4 from 
Section D-1. These simple correlations between predictor and predictand 
are calculated and compared between and within procedures. For exastple, 
the predictor correlates with the predictand from the same procedure and 
the predictor correlates with the predictand from different procedures. 
In addition, the correlations between predictors and future ME milk are 
also calculated. 
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The expected correlation between predictor and predictand is 
shown in the following: 
E(EPA) = g + s+ p = c' = true producing ability 
E(ME milk) = y + h + c 
Deviation = c + e, therefore EPA = b(c + e) = c', 
where b is repeatability. 
V(EPA) = b^(a^ + a^) 
V(ME or Deviation) = 0^ + 0^ 
c e 
Gov(EPA, ME or Deviation) 
Vf \ - Cov(EPA. ME or Deviation) _ ^^c 
E l f /  " "  r / * T / p T i * \  T T / u r r >  T> 1 ^  ~ LV VVlliZTrty V \ i i i j  Ujl Lrc v j ^ ^  
' l(a; + cr;)(<j; + o;)j% 
These expectations are under the same assumpuioris as in models (1) and 
(2). The actual variance of ME milk would be greater than its expected 
variance, 0^ + 0^. This is because the herd-year-season effects would 
c e 
contribute part of the variation to its residual variance. 
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V. RESULTS AND DISCUSSION 
The group and sire constants in the BLUP procedures were obtained by 
iteration. The final solutions were decided at the end of the 80^ itera­
tion. The reasons for stopping the iteration were that the checking 
criteria; both, the difference between estimates from the 79^ and 80^ 
iterations for the same unknown, called d, and the difference between X Xb=RHS 
and the original right-hand-sides, called w were small (Table 7). 
The 27 iterated group constants from BLUP procedures are shown in 
Table 8. Group constants estimated from the USDÂ sire summary, November, 
1974, were simple averages of sire predicted differences within groups. The 
averages of group constants from BLUP (w/o) and USDA were similar, 9.9kg. 
and 12.7 kg., respectively. Group 21-1 which included 14 sires was consid­
ered to be the reference group. The group constants from BLUP (w) were 
estimated after BLUP (w/o) had been done, and the former procedure had a 
lower group mean than the latter. But Group 21-1 was 52 kg. which is close 
to the reference group, 50 kg., from BLUP without considering cow selection. 
With the above consideration and comparison, both sets of group constants 
(Table 8) from BLUP (w/o) and BLUP (w) were used directly from the iterated 
results. The group rankings within studs for the two BLUP procedures were 
exactly the same. The BLUP estimates also showed good agreement with USDA 
estimates in these rankings, except for few groups which included very high 
or very low PD bulls that had only a small numbers of daughters appearing 
in this study. 
Under the assumptions of models (1) and (2), the sire's transmitting 
ability is made up of G and S, which is half of the sire's breeding value. 
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Table 7. The distribution of iteration errors at the end of 80^ 
Iteration 
BLUP BLUP 
(w/o) (w) 
Solution difference between 
two iterations, 
Largest d 0.06kg. 0.04kg. 
No. of d's 2 0.01kg. 25 25 
No. of d's < 0.01kg. 386 386 
Right-hand-side difference, w:^ 
Largest w 46kg. 41kg. 
No. of w's 
1 kg. < w < 9.9kg. 24 36 
10 kg. £ w £ 19kg. 4 3 
w > 20kg. 1 2 
411 , 
( I 
1=1 ^ 
At 79^ iteration 60 59 
At 80^ iteration 57 55 
^ w = - RHS^j where RHS = X'Xb. 
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Table 8. The group constants (kg.) from the BLUP's and from USDA sire 
summary November, 1974. 
sud-w NO. Sire 
1-1 12 27 1759 0.77 -12 -31 -55 
1-2 13 45 1606 0.84 -123 -142 -110 
1-3 9 22 1474 0.74 -60 -69 24 
11-1 7 13 2952 0.64 119 74 -31 
11-2 5 12 1794 0.63 -403 -447 -125 
16-1 11 25 595 0.77 150 154 -51 
16-2 6 269 1555 0.97 -235 -232 -225 
16-3 6 207 976 0.97 -100 -105 —80 
16-4 11 181 808 0.96 167 151 171 
16-5 4 97 353 0.94 354 320 270 
21-1 14 24 1400 0.75 50 52 -28 
21-2 19 28 2611 0.77 184 153 lis 
21-3 7 21 2164 0.73 -184 -194 -48 
29-1 6 20 5254 0,72 -72 -51 -98 
29-2 17 22 3205 0.73 174 176 62 
29-3 16 18 3382 0.70 52 33 4 
29-4 16 28 4360 0.77 82 53 101 
40-1 20 26 3874 0.76 -118 -115 -22 
40-2 17 26 3298 0.76 94 72 -18 
40-3 24 34 4001 0.80 60 23 -116 
55-1 5 42 5582 0.83 31 40 120 
Stud-Year are the same as in Table 1. 
E(r) stands for the expected correlation when h^ = 0.20. 
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Table 8. (Continued) 
Stud-Year No. Sire Daughter/Sire Group Constant 
BLUP USDA E(r)D BLUP(w/o) BLUP(w) USDA 
55-2 6 16 7090 0.68 29 21 132 
55-3 5 27 4676 0.77 447 430 297 
99-1 12 20 - — 22 30 -
99-2 36 12 — — ' -133 -131 -
99-3 57 16 — — -78 -97 -
99-4 23 12 — — -230 -247 -
Overall mean 48 2816 0.78 9.9 -2.9 12.7 
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The estimates of transmitting ability for each bull from both BLUP estimates 
and from the November 1974 USDA sire summary, are listed in Table 23, Ap­
pendix A. There were 255 out of the total 384 sires which had PD estimates 
in the USDA sire summary. Simple and rank correlations (Table 9) were 
calculated among transmitting ability estimates from these three sources. 
With a random sample of daughters in this study from all progenies 
appearing in the USDA sire summary, the expected correlation between sample 
mean and the overall mean within group or within sire is calculated as in 
Appendix B. The expected correlation between sire transmitting abilities 
estimated in this study and from the total progeny summarized by the USDA 
is 0.75 when h^ = 0.20 and is 0.78 when h^ = 0.25. Both of these expected 
correlations are not significantly (p > 0.-05) different from the actual cor­
relations listed in Table 9. The expected correlation between the group esti­
mates from this study and from the total progeny in the USDA sire summary Is 
0.78 (Table 8) when h^ = 0.20 and 0.82 when h^ = 0.25. The actual correla­
tions for this same measurement were 0.794 between BLUP (w/o) and USDA and 
0.787 between BLu? (w) and USDA. 
Table 9 ,  Simple and rank correlations among sire transmitting ability 
estimates from the BLUP and the USDA sire summary, November, 
1974* 
BLUP (w/o) BLUP (w) USDA 
BLUP (w/o) 0.995 0.675 
BLUP (w) 0.994 0.674 
USDA 0.671 0.676 
*Upper half contains correlations, lower half contains rank correlations. 
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Two sets of 1400 herd-year-season effects were estimated from both 
BLUP (w/o) and BLUP (w) using the sire information Listed in Table 23 of the 
Appendix. These herd-year-season effects were too many to list in a table, 
but they were used to calculate the deviated ME milk, ME milk minus its 
corresponding herd-year-season effect. The latter has the same expectation 
as the herdmate deviation record if the assumptions of the herdmate compari­
son are true. These assumptions were given on pages 4 and 6. 
Deviated ME milk obtained from both the herdmate comparison and the 
BLUP procedures was used to estimate the phenotypic and genetic parameters 
of milk production. Since the adjusted herdmate average is an estimate of 
the true herdmate average (Heidhues, et al., 1961), the herdmate deviation 
is therefore assumed to be a good estimate of a cow's producing ability 
adjusted for herd-year-season effects but not for random error. This is an 
indirect technique to attempt to remove the environmental effects from ME 
milk records. The BLUP procedures provide a direct estimate of these herd-
year-season effects, thus ME records deviated from the estimated herd-year-
season effect is relatively similar to the deviation record provided by the 
herdmate comparison procedures. Examination of the herd-year-season effects 
remaining in the deviated ME milk is compared in the estimation procedures 
of this study. 
The means and standard deviations of the deviated ME milk from the 
first four lactations are listed in Table 10. Means from BLUP are signifi­
cantly lower (p < 0.01) than those obtained from herdmate comparison (HMC). 
This Is because HMC deviated from an average regional-season-average of 
6,559 kg. (Table 2) which was lower than the overall mean of the 26,996 
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first four lactations, 6,836 kg. However, the variances of these deviated 
ME records are similar (Table 10). The distributions of these deviated ME 
milk records, expressed as a percentage of the highest subclass for each 
procedure, obtained from four different estimation procedures are shown in 
Figure 1. These distributions appear to be essentially normal. 
Table 10. Means and deviations of the deviated ME milk and EPA's 
estimated from single lactations®* 
Procedure 
Deviation record EPA 
X X 
HMC^ (old) 126 1174 67 624 
HMC (new) 177 1175 94 624 
BLUpd(w/o) 98® 1143 67® 624 
BLUP (w) 99 1142 59 620 
^The total number of records was 26996. 
^The deviation records contain two different measurements; they are Q = 
(Y - AKMA) in KMC and 2 = (Y - H%S) in BLUP. The EPA's were obtained 
from Section D-l-a and D-l-b on page 37. 
^HMC stands for the procedure of Herdmate Comparison. 
^BLUF stands for the procedure of Best Linear Unbiased Prediction. 
"The average of BLUP means are significâutly (p < 0.01) different from the 
average of HMC means. 
Between and within cows analyses were applied to these deviated ME 
records. The between and within cows variance components from the analysis 
are shown in Table 11. The between cows variance component, a^, varied 
little among procedures while the within cows variance component, a|, did 
vary between HMC and BLUP. This change of variance components indicates 
more of the temporary environmental effects were eliminated by the BLUP 
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Figure 1. Distributions of deviated ME milk for HMC (old), HMC (new), BLUP (w/o) 
and BLUP (w) averaged across four lactations 
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procedure than the HMC (Table 12). This reduction of residual error 
Indicates BLUP will Increase the precision of predicting a cow's future 
production (Table 13). 
The comparison of variances among procedures of the EPA estimated from 
a single lactation are about equal; the same conclusion Is true for the 
deviated ME milk (Table 10). The variances of these EPA's are the same. 
The EPA of a cow estimated by BLUF procedures has an estimated transmitting 
ability of her sire within it. This makes the covarlance between EPA's 
from the same cow, Og, larger in BLUP (Table 11 and 12). 
The estimates of repeatability with at least one lactation per cow and 
at least two lactations per cow were essentially the same. With repeatabil­
ity sstiisatcd in Tabic 13, the precision of predicting a future lactation 
from one lactation is /0.50 or 0.707 from HMC; /0.54 or 0.735 for deviated 
ME record and /0.60 or 0.775 for EPA from BLUP procedures. 
The repeatability estimated by HMC agrees well with the results reported by 
Bereskln and Freeman (1965b), 0.505, and Butcher (1965), 0.50. The repeat­
ability estimated by HMC in both deviated records and EPA*s is significantly 
lower (p < 0.01) than those estimated by BLUP. With the same procedures 
from BLUP, the repeatability of EPA's is significantly greater (p < 0.01) 
than the repeatability of deviated records. This implies that using sire 
information will gain accuracy of prediction. 
The increase in precision of predicting the future lactation by reducing 
the residual variance component can also be seen from the between and within 
sires analysis (Table 14). The estimates of heritability are in Table 15. 
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Table 11. Variance 
deviated 
components 
ME milk and 
of between and within cows analysis for 
EPA's estimated from a single lactation* 
Procedure Deviation record EPA 
0% 
c 
0% 
e 
HMC (old) 685873 693935 193571 195846 
HMC (new) 694595 686297 195790 193464 
BLUP (w/o) 714135 597914 240582 149379 
BLUP (w) 705837 600470 234603 150018 
^The analysis was done with at least one lactation per cow. 
Table 12. Comparison of changes in variance components from Table 11* 
Procedure Deviation records EPA 
^c 
HMC (old) 100 100 100 100 
HMC (new) 101 99 101 99 
BLUP (w/o) 104 86 124 76 
BLUP (w) 103 87 121 77 
^îhe variance components are expressed as a ratio to the variance 
components for HMC (old). 
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Table 13. Estimates of repeatability using the first four lactation 
data® 
With at least 1 lactation With at least 2 lactations 
Dev. ME EPA Dev. ME EPA 
HMC (old)b 0. 497 0. 497 0. ,501 0. 501 
HMC (new) 0. 503 0. 503 0. ,506 0. 506 
BLUP (w/o) 0. 544** 0. 617** 0. 544** 0. 615** 
BLUP (w) 0. 540** 0. 610** 0. 542** 0. 609** 
^There were 26996 records in the estimation with at least one lactation 
per cow and 16324 records with at least two lactations per cow. 
^All repeatabilities were compared to the first repeatability in their 
respective column. 
**p < O.Oi. 
Table 14. Variance components of between and within sires analysis from 
different procedures 
Procedure 
1— lactation* 
rS rr2 
All 4 lactations 
HMC (old) 
HMC (new) 
BLUP (w/o) 
BLUP (w) 
88,524 
96,551 
107,100 
103,722 
1,194,604 
1,190,423 
1,101,650 
1,087,451 
78,093 
84,711 
106,155 
101,408 
1,302,606 
1,297,150 
1,209,095 
1,206,067 
*lhere were 9,847 first lactations from 330 sires. 
^There were 26,996 lactations from 377 sires. 
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Table 15. Estimates of heritability from differentt procedures 
Procedure 
lactation All 4 lactations 
h2 S.E.* hZ S.E. 
HMC (old)b 0.276 0.030 0.226 0.016 
HMC (new) 0.300 0.031 0,245 0.017 
BLUP (w/o) O.354A 0.034 0,317** 0.019 
BLUP (w) 0.348* 0.034 0,310** 0.019 
*S.E. (standard error) =^32 h / T , where T is thaes total number of 
observations. 
^All heritabilities were compared to the first herrfflta-bility in their 
respective column. 
< 0 .10.  
**p < 0.01. 
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This increase in heritability estimates indicates that the BLUP procedures 
can improve the accuracy of sire evaluation. 
The constants and formulae used in this study for the EPA estimation are 
listed in Tables 16, 17 and 18. Four different predictions are compared 
among the four estimation procedures. There are predictions of future ME 
milk and deviated ME milk obtained by HMC (new), by BLUP (w) and by BLUP 
(w/o). Results of these predictions between EPA's and those four predict-
ands are shown in Tables 19, 20, and 21. Both HMC (old) and HMC (new) had 
higher (p < 0.20) correlations with the future ME milk than BLUP's. The 
correlations between EPA's and deviated ME milk from HMC (new) were not 
significantly different from each other, but BLUP estimated EPA's tended to 
have higher correlation coefficients. The third and fourth predictions were 
calculated between EPA's and deviated ME milk from BLUP (w) and BLUP (w/o). 
The EPA*s from BLUP had significantly higher (p < 0.05) correlations with 
the third and fourth predictands. The ranks of the correlations were 
switched from high with ME milk to low with deviated ME milk for the EPA's 
estimated by the herdmate comparison. This switch indicates that herdmate 
deviation contributes extra covariance with ME milk in addition to the ex­
pected cow variance component, 0^. Bereskin and Freeman (1965b) found that 
there were still about 25% of the nerd-year-season effects remaining in the 
deviation records in their analysis. Butcher and Freeman (1969) estimated 
a lower heritability from intrasire, intraherd regression of daughter on 
dam, using deviated data, than the intrasire regressions. They (Butcher 
and Freeman, 1969) concluded that the use of deviations from a regressed ad­
justed stablemate average does not remove all variation due to herds from a 
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Table 16. Methods in EPA estimation from the first lactation 
Methods EPA 
HMC (old) 
Constant correlation rQ^'= 0.53123Q^ 
Actual correlation 0.53Q^ 
GLS (V-C) Si 
HMC (new) 
Constant correlation 0.53125Q^ 
Actual correlation 0.53Q, 
GLS (V-C) Si 
BLUP (w/o) 
Constant correlation (Z) 0.53125Zj 
Constant correlation (M) G + S + 0.5M, 
Actual correlation (Z) 0.53Z, 
Actual correlation (M) G + S + 0.4987M 
GLS (V-C) (Z) z. 
BLUP (w) 
Constant correlation (Z) 0.531252^ 
Constant correlation (M) G + S + 0.5M^ 
Actual correlation (Z) 0.53Z, 
1 
Actual correlation (M) G + S + 0,6987M 
GLS (V-C) (Z) 
^1 
^The subscript of Q, Z and M stands for the order of lactation. 
^The Q, Z and M were obtained by their respective procedures and these are 
same for Tables 17 and 18. 
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Table 17. Methods in EPA estimation from the first two lactations 
Method epa 
HMC (old) 
Constant correlation 
Actual correlations 
GLS (V-C) 
HMC (new) 
Constant correlation 
Actual correlations 
GLS (V-C) 
BLUP (w/o) 
Constant correlation (Z) 
Constant correlation (M) 
Actual correlations (Z) 
Actual correlations (M) 
1 + (2-l)r = 0.3469+ Q^) 
0.2057Qi + O.46IOQ2 
0.5980q^ + 0.4020q2 
0.3469(qj + qg) 
0.2057q, + o.46ioq2 
0.5980q^ + 0.4020q2 
0.3469(Z, + Z,) 
G + S + 0.3334(M^ + M^) 
0.2057Z, + 0.4610Z, 
g + s + 0.1908mj + 0.4462m2 
GLS (V-C) (2) 0.5980Zj^ + 0.4020Z2 
BLUP (w) 
Constant correlation (Z) 
Constant correlation (M) 
Actual correlations (Z) 
Actual correlations (M) 
GLS (V-C) (Z) 
0.3469(zj + z2) 
G + S + 0.3334Cri, 4- M,) 
0.2057zj + o.46ioz2 
G + S + 0.19D8M, + 0.4462M, 
1 6 
0.5980Z^ + 0.4020Z2 
a, 
The subscripts of Q, Z and M stand for the order of lactation. 
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Table 18. Methods in EPA estimation from the first three lactations 
Method EPA 
HMC (old) 
Constant correlation 
Actual correlations 
GLS (V-C) 
3r 
1 + (3-1)(Q) = 0.2576 (Q1 + Q2 + Q3) 
0.0478qj + o.2i88q2 + o.4138q3 
0.4566q^ + 0.2078q2 + o.3356q3 
HMC (new) 
Constant correlation 0.2576 (Q^ + Qg + Q3) 
Actual correlations 
GLS (V-C) 
BLUP (w/o) 
Constant correlation (Z) 
0.0478Q^ + O.2I88Q2 + 0.4138Q_ 
0.4566q^ + 0.2078q2 + o.3356q2 
0.2576 (Zj + Zg + Zg) 
Constant correlation (M) 
Actual correlations (Z) 
Actual correlations (M) 
G + S + 0.25 + M^) 
0.0478Z, + 0.2188Z, + 0.41382^ 
G + S + 0.0359M, 4 0.2096ML + 0.4024M, 
GLS (V-C) (Z) 0.4566Z, + 0.20?8Z^ + Q.3356Z^ 
BLUP (w) 
Constant correlation (Z) 
Constant correlation (M) 
0.2576 ( Z ^  + ZG + Z.) 
G + S + 0.25 (M, + #2 + Mg) 
Actual correlations (Z) 0.0478Z^ + O.2I88Z2 + O.4138Z2 
Actual correlations (M) G + S + 0.0359Mj^ + 0.2096M2 + 0.4024î^ 
GLS (V-C) (z) 0.4566z^ + 0.2078z2 + o.3356z2 
The subscripts of Q, Z and M stand for the order of lactation. 
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Table 19. Relationships between EPA estimated from the first ^ 
lactation and ME or deviated ME milk of the 2nd lactation' 
With With deviated ME milk from 
ouurue UL surn 
ME milk HMC(new) BLUP(w) BLUP(w/o) 
HMC (old) ^ 
Constant correlation 0.485 0.510 0.507 0.508 
Actual correlation 0.485 0.510 0.507 0.508 
GLS (V-C) 0.485 0.510 0.507 0.508 
HMC (new) 
Constant correlation 0.493 0.512 0.510 0.512 
Actual correlation 0.493 0.512 0.510 0.512 
GLS (V-C) 0.493 0.512 0.510 0.512 
BLUP (w/o) 
Constant correlation (Z) 0.474 0.523 0.540** 0.543** 
Constant correlation (M) 0.480 0.528° 0.552** 0.555** 
Actual correlation (Z) 0.474 0.523 0.540** 0.543** 
Actual correlation (M) 0.480 0.528° 0.552** 0.555** 
GLS (V-C) (Z) 0.474 0.523 0.540** 0.543** 
BLUP (w) 
CoriStant correlation (Z) 0.477 0.526° 0.562** 0.544** 
Constant correlation (M) 0.481 0.529° 0.551** 0.554** 
Actual correlation (Z) 0.477 0.526° 0.542** 0.544** 
Actual correlation (M) 0.481 0.529° 0.551** 0.554** 
GLS (V-C) (Z) 0.477 0.526° 0.542** 0.544** 
^There were 6,688 cows in this calculation. 
All correlations were compared to the first correlation in their 
respective columns, i.e., in the first column all were compared to 0.485. 
°p < 0.20. 
** 
p< 0.01. 
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Table 20. Relationships between EPA estimated from the first two ^ 
lactations and ME or deviated ME milk of the 3rd lactation 
With With deviated ME milk from 
ouuiue u i ,  CirA 
ME milk HMC(new) BLUP(w) BLUP(w/o) 
HMC (old) ^ 
Constant correlation 0.552 0.565 0.570 0.571 
Actual correlations 0.554 0.574 0.578 0.578 
GLS (V-C) 0.541 0.551 0.556 0.557 
HMC (new) 
Constant correlation 0.558 0.566 0.571 0.572 
Actual correlations 0.560 0.574 0.579 0.579 
GLS (V-G) 0.547 0 = 551 0,557 0 = 559 
BLUP (w/o) 
Constant correlation (Z) 0.529° 0.577 0.600* 0.601* 
Constant correlation (M) 0.528° 0.576 0.604* 0.605* 
Actual correlations (Z) 0.531 0.582 0.604* 0.604* 
Actual correlations (M) 0.530° 0.582 0.608* 0.609* 
GLS (V-C) (Z) 0.519* 0.565 0.588° 0.590° 
BLUP (w) 
Constant correlation (Z) 0.531 0.577 0.600* 0.600* 
Constant correlation (M) 0.530° 0.577 0.603* 0.603* 
Actual correlations (Z) 0.533 0.583 0.605* 0.604* 
Actual correlations (M) 0.532 0.583 0.608* 0.608* 
GLS (V-C) (Z) 0.521* 0.565 0.587 0.588 
^There were 3,885 cows in this calculation. 
^All correlations were compared to the first correlation in their 
respective columns, i.e., in the first column all were compared to 0.552. 
°p < 0.20. 
< 0 .10 .  
p < 0.05. 
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Table 21. Relationships between EPA estimated from the first three 
lactations and ME or deviated ME milk of the 4th lactation* 
With With deviated ME milk from 
ouurue ox crA 
ME milk HMC(new) BLUP(w) BLUP(w/o) 
HM Comparison (old) ^ 
Constant correlation 0.522 0.538 0.547 0.552 
Actual correlations 0.531 0.565 0.573 0.575 
GLS (V-C) 0.511 0.521 0.530 0.536 
HM Comparison (new) 
Constant correlation 0.526 0.538 0.547 0.552 
Actual correlations 0.537 0.565 0.573 0.575 
GLS (V-C) 0.515 0.521 0.530 0.536 
BLUP (w/o) 
Constant correlation (M) 0.500 0.561 0.581° 0.585° 
Constant correlation (Z) 0.500 0.561 0.584^ 0.587^ 
Actual correlations (M) 0.508 0.576° 0.598* 0.599* 
Actual correlations (Z) 0.507 0.576° 0.600* 0.601" 
GLS (V-C) (Z) 0.591° 0.547 0.568 0.573 
BLUP (w) 
CoisàLârit correlation (M) 0.501 0:559 0=5??° 0,582° 
Constant correlation (Z) 0.502 0.559 0.581° 0.584° 
Actual correlations (M) 0.510 0.578° 0.599* 0.600* 
Actual correlations (z) 0.510 0.579° 0.601* 0.602* 
GLS (V-C) (Z) 0.492° 0.545 0.565 0.569 
*There were 2,061 cows in this calculation. 
"All correlations were compared to the first correlation in their 
respective columns. 
°p < 0.20. 
%  <  0 . 1 0 .  
* p < 0.05. 
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daughter-dam regression. Results obtained from this study, large covariance 
between EPA and ME milk in the herdmate procedure and the within cow vari­
ance component (Table 11) was larger from HMC than that obtained from BLUP, 
indicate that biases due to herdmate comparison can be overcome by the 
procedure of the Best Linear Unbiased Prediction. 
Simple correlations between EPA's and future production were also used 
to compare the methods in EPA estimation. The results of these correlations 
when both predictor and predictand were estimated within procedures are 
listed in Table 22. None of the estimation formulae were significantly 
different from each other within procedure. But on the average, weighing 
lactation information by the actual correlation had the highest prediction. 
This evidence is more apparent in predicting the fourth lactation. Since 
the time between the first and the fourth lactations is usually over three 
years, weighing the first lactation as equally as the second or the third 
lactation in predicting a later production seems to be contrary to the 
biological facts. However, this violation is not large. 
The EPA estimated by generalized least-squares or using structures 
of the variances-covariances of lactations gave the lowest predic­
tion. This is completely contrary to the case of using actual correlations 
in EPA estimation. If the assumption that permanent environffleuLal effects 
are accumulated in cows when age increases is true, then the generalized 
least-squares analysis does not use changes in variances and covariances. 
First lactations have the smallest variance and are also unseleeted, hence 
they offer the most reliable unseleeted information to the generalized 
least-squares estimators. GLS estimators may be of more value in estimating 
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Table 22. Relationships between EPA and deviated future ME milk both 
estimated within the same procedure 
HMC BLUP 
Source of EPA Old New w/o w 
03^ D4 D3 D4 D3 D4 D3 D4 
HMC (old) 
Constant correlation 0.560 0.532 
Actual correlation 0.570 0.561 
GLS (new) 0.546 0.514 
HMC (new) 
Constant correlation 0.566 0.538 
Actual correlation 0.574 0.565 
GLS (V-C) 0.551 0.520 
BLUP (w/o) 
Constant correlation (Z) 0.601 0.585 
Constant correlation (M) 0.605 0.587 
Actual correlation (Z) 0.604 0.599 
Actual correlation (M) 0.609 0.601 
GLS (V-C) (Z) 0.590 0.573 
BLUP (w) 
Constant correlation (Z) 0.599 0.579 
Constant correlation (M) 0.603 0.581 
Actual correlation (Z) 0.604 0.599 
Actual correlation (M) 0.608 0.601 
GLS (V-C) (Z) 0.587 0=565 
stand» for the deviated ME milk and the subscript stands for the 
lactation order. 
^All correlations were compared to the first correlation in their 
respective columns. 
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cow's breeding values, adjusting for selection in latter lactations. 
Another aspect of this GLS estimator is that it has the same magnitude 
as the predictand, i.e., the predictor is not regressed. With repeatability 
of 0.5 as in milk production and the small number of lactations per cow, the 
shrinkage of EPA by its regression factor, nr/[l + (n - l)r], is sizable. 
With cow evaluation through EATA and sire evaluation through PD, the 
information obtained from individuals or from relatives is customarily ex­
pressed in terms of averages. Two contemporary groups, first lactation and 
latter lactations groups, were used in attempting to adjust herdmate devia­
tion records for gnentic trend, inperfect age correction factors and selec­
tion in the latest USDA sire summary published in November, 1974. The 
generalized least-squares approach, as in EPA estimation, to obtain weighted 
records for each individual instead of using a simple average might be 
worth further study in breeding value estimation. 
The new herdmate comparison procedure, herdmate average adjusted by 
herdmate cows' EATA, did not remove any more of the temporary environmental 
effects than the old herdmate procedure (Tables 19, 20, 21). But, this new 
herdmate comparison procedure could retrieve the genetic producing ability 
lost or gained during comparison with herdmates. However, this improvement 
in the accuracy of prediction, in terms of repeatability or heritability, 
is less than the procedures of BLUP. 
The BLUP (w), which considered cow selection by use of the variance-
covariance structure of lactations, did not gain accuracy in the EPA esti­
mation when compared with the BLUP (w/o). The sire transmitting ability 
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estimated by these two BLUP's listed in Table 23, Appendix A, varied from 
0 to a maximum of 101 kg. of milk. A further study on these transmitting 
ability estimates considering selection among cows, by regressing progeny 
performance from an independent set of data on these estimates, might 
clarify the value of the adjustment for selection effects. 
69 
VI. SUMMARY 
A total of 32,129 lactations from Holsteln cows which were started 
from May, 1967, through April, 1974, were used to compare the prediction 
procedures in the EPA estimation. These data were distributed over 100 
herds in Iowa, Kansas and Missouri from the Dairy Herd Improvement Associ­
ations. Four different procedures were compared using these data. They 
were herdmate comparison with and without adjustment for the EATA of herd-
mate cows and the Best Linear Unbiased Prediction technique with and with­
out considering cow selection. 
Procedures were developed to obtain the BLUP estimators of herd-year-
season, sire and cow effects which included absorption, building of 
equations and iterating the solutions. The transmitting abilities were 
estimated for 384 registered sires from 27 stud-year groups and 1,400 herd-
year-season effects were estimated from both BLUP procedures. ME milk 
records deviated from the BLUP estimated herd-year-season effects are com­
parable, in a general way, to the herdmate deviations which were obtained 
from the Iowa Dairy Records Processing Center. A between and within cow 
analysis as well as a between and within sires analysis were done with 
deviation records obtained from the four different procedures. 
The BLUP procedure yielded significantly higher (p < 0.01) repeatabil­
ity and heritability estimates than both old and new herdmate procedures 
(Tables 13 and 15). This increase in parameter estimates from the BLUP 
is due mainly to the reduction of residual errors (Tables 11, 12 and 14). 
The predictions of future production were compared between several estima­
tors of EPA and four different predictands: i) the future ME milk. 
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il) the deviated future ME milk obtained from the HMC (new), iii) the 
deviated future ME milk obtained from BLUP (w) and iv) that from BLUP 
(w/o). The EPA estimated by both herdmate procedures had the highest cor­
relations with ME milk but had the lowest correlations with the other three 
predlctands, the (11), (ill) and (Iv) three different deviated ME records. 
EPA's estimated by the BLUP procedure were just the opposite (Table 19, 20 
and 21). This switch of the orders of the correlations indicates that HMC 
procedure could not remove the temporary environmental effects completely 
from the herdmate deviations. The new herdmate procedure could result 
in a higher heritabillty estimate (Table 15) than the old one. With bet­
ter elimination of the herd-year-season effects from deviated ME records 
and higher estimates of repeatability and heritabillty in the Best Linear 
Unbiased Prediction procedure, the BLUP procedure is a better procedure 
than the herdmate comparison. The BLUP estimators with considering cow 
selection did not gain in accuracy in the prediction of cow's producing 
ability when compared with BLUP (w/o), but might gain in sire's breeding 
value estimation. 
Three methods of estimating EPA by use of constant correlation, actual 
correlation among lactations and generalized least-squares did not differ 
significantly from each other when the comparison was done within each 
category of procedures (Table 22). The generalized least-squares estimator 
from deviation records for each cow, by assuming that the variances and co-
variances are known, might be worth using in the PD or the EATA processing 
instead of using the simple average of deviation records of each cow. The 
reason for this suggestion is that this weighted mean will give the first 
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lactation more emphasis than later lactations in representing the 
breeding value of a single cow. 
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IX. APPENDIX A: TABLE OF THE ESTIMATED TRANSMITTING ABILITY 
OF SIRES FROM DIFFERENT SOURCES 
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Table 23. The estimated transmitting ability from different sources 
Stud-Year Sire ID BLUP(w/o) BLUP(w) USDA* 
161 636182 402 370 -414 
991 974041 -81 -39 0 
161 991875 -244 -218 -333 
161 1018315 961 927 843 
161 104S736 225 220 -234 
161 10 56655 172 178 66 
161 1063307 41 72 -421 
551 1070036 162 162 859 
161 1074403 -240 -224 -451 
161 1102210 -25 0 664 
161 I 106455 157 172 -1 70 
11 1113350 -270 -267 -11 
1! 113844 1 290 234 1059 
291 1144239 —68 -57 -95 
291 1150469 -280 -219 -568 
291 ' 1150470 -260 -218 -315 
291 1154946 134 122 446 
211 1157778 333 296 -30 
211 1158310 -130 -89 - 14 
161 1178343 170 176 -185 
291 1179372 155 154 521 
401 1179373 -310 -264 «94 
11 1183958 -24 -35 -998 
161 1188192 29 18 -609 
291 1189470 -1 14 -87 -1282 
211 1191185 216 221 -832 
À S -36645 5'} 34 "71  
211 1198696 -31 -21 -517 
401 i199324 = 144 = 130 1044 
401 1210078 -276 -245 -6 28 
211 1210507 636 619 11 52 
292 1212173 294 274 327 
111 1216567 -1 16 -122 -502 
401 1216957 -201 -199 129 
292 1217611 57 66 126 
292 1221226 -108 -97 -305 
292 1222994 538 485 579 
ii 1227779 197 145 55 
991 1232399 342 321 0 
292 1233005 296 310 204 
162 1233487 -209 -213 -421 
162 12 34506 276 259 504 
991 1234507 283 270 0 
292 1235097 253 279 71 
551 1236789 -72 —48 760 
401 1237057 150 136 427 
292 1240355 -157 -137 -7 13 
292 1240549 299 271 79 
Zero Indicates no estimates shown in the summary, November, 1974. 
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Table 23. (Continued) 
d-Year Sire ID BLUP(w/o) BLUP(w) USDA* 
292 1241427 -33 -26 -481 
11 1241487 90 70 -284 
401 1241914 -125 - 145 327 
991 1242259 -208 -185 0 
2 11 1242338 -1 84 -201 -4 75 
551 1243697 10 43 -422 
292 1244009 696 635 976 
401 1244844 -151 -144 -4 79 
401 1244845 -90 -81 385 
11 1246183 -47 -63 -13 
292 1249430 -126 -104 67 
211 1250772 -31 -20 -167 
401 1250992 -59 -45 -722 
991 12 5292 7 54 77 0 
401 1252985 -348 -344 -1089 
211 1257762 -200 -199 -534 
292 1259069 268 295 263 
991 1260014 -26 -5 0 
162 1260405 -581 -557 - 1007 
292 1261857 458 472 768 
211 1265694 267 261 795 
162 1265290 —466 -452 -1150 
401 1268294 -294 -274 464 
991 1269172 105 94 0 
162 1271122 -292 -280 -725 
292 1271557 -56 -28 102 
î27 IS 10 387 354 657 
401 1274684 -56 — 54 -351 
il 1274923 =223 -221 -739 
401 1276654 -194 -177 254 
991 1277372 -147 -120 0 
162 1 281874 =1 4 0 — 146 -177 
551 1282185 62 65 55 
401 1282936 314 275 276 
401 1253536 -195 -178 2 44 
401 1283917 206 179 0 
991 1233950 137 112 0 
îi 1284716 -125 -106 2 06 
991 1284734 -154 -135 0 
991 î284827 62 45 0 
211 1287090 -63 e 80 -330 
21Î 1288309 180 195 424 
292 1288534 -90 -55 32 
401 1288610 -81 -79 -165 
551 1289574 -11 -24 72 
401 1291028 -48 -84 -270 
292 1291498 -68 -33 60 
211 1291499 -317 -266 -362 
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Table 23. (Continued) 
i-Year Sire ID BLUP(w/o) BLUP(w) USDA* 
211 1291786 -110 -96 1 11 
211 1292776 138 lis -81 
292 1292829 429 381 174 
401 1292880 -150 -153 -41 I 
991 1296322 -102 -71 0 
11 1297169 -165 -179 -414 
401 1298430 -308 -292 -542 
11 1299241 -311 -337 -910 
2 12 1300012 356 288 459 
992 1301678 0 -8 0 
293 1301864 -2 -5 43 
12 1302422 116 55 1 88 
992 1303120 -165 -119 0 
293 1303502 35 30 316 
212 1304384 -69 -77 - 1262 
111 1305460 195 140 - =321 
293 1305813 -295 -254 -538 
212 1306247 396 359 689 
992 1309349 -408 -404 0 
402 1311794 76 46 69 
992 1314099 -158 -134 0 
992 13 14254 — i 34 — Î 44 0 
552 1314767 -100 -81 207 
212 1315423 395 335 475 
402 1315612 -165 -164 -338 
4 02 1315533 "62 -73 —4 16 
293 13 i 727G 345 «75 
552 13200 15 77 61 -26 
992 1321750 -142 -125 0 
992 1321751 -17 -31 0 
402 1322069 17 -7 -59 
111 1323059 300 241 241 
12 1323989 -139 -128 106 
992 1324256 -453 -433 0 
1 63 13 24328 —464 -447 = 951 
992 1324345 -1 59 -152 0 
293 1325270 134 99 -434 
12 1327405 -4 13 -417 —6 54 
12 1329249 170 132 -618 
992 1329521 206 142 0 
402 1329588 3 08 260 485 
402 1330987 267 247 649 
992 1331096 -30 -37 0 
992 1331390 -332 -309 0 
293 1331709 79 16 374 
212 13319S0 232 242 68 
402 1333641 233 181 20 
212 1333 705 -30 -101 -36 
80 
Table 23. (Continued) 
Stud-Year Sire ID BLUP(w/o) BLUP(w) USDAa 
212 1333706 267 221 692 
992 1334064 — 144 -128 0 
992 1334584 -2 -25 0 
293 1336320 -512 — 504 -528 
992 1336585 -257 -222 0 
992 1336757 21 7 0 
992 1337698 -73 -97 0 
12 1338728 -55 -82 -481 
12 1341149 29 20 26 
111 1343995 250 187 21 
992 1344262 442 373 0 
212 1347065 247 218 231 
212 1347112 -119 -133 -120 
992 1347938 182 153 0 
552 1347940 226 191 1198 
992 1348785 -353 = 307 0 
212 1349029 -352 -361 -471 
12 1349691 -301 -284 -1040 
402 1350190 201 173 469 
293 1350414 -118 -102 -567 
163 1352927 67 48 2 04 
402 1552963 =31 -53 -531 
992 1353384 —604 -576 0 
12 1355784 128 92 1193 
12 1357308 -196 -226 -582 
402 1357743 397 37 0 21 
992 i 5577ÔC" = 59 •^60 0 
992 1357762 -83 —60 0 
552 1357797 73 37 521 
212 1359626 332 297 288 
402 1359770 9 5 1 45 
992 1360466 -348 -320 0 
402 1362410 -67 -78 -972 
992 1363284 -268 -275 0 
992 1364574 23 17 0 
212 1365058 125 77 559 
212 1365341 673 624 1276 
402 l3êS4Ûi — 66 —31 =227 
293 1366152 308 247 81 
212 1366229 142 i07 168 
163 1367055 -114 -113 -350 
12 1367352 -62 -103 -106 
12 1367353 -118 -128 -200 
992 1369144 —488 — 460 0 
212 1370173 130 97 385 
212 1371216 37 46 -88 
992 1372314 -138 -141 0 
992 1373924 94 40 0 
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Table 23. (Continued) 
1-Year Sire ID BLUP(w/o) BLUP(w) USDA* 
992 1374977 -104 -113 0 
293 1375151 -82 -58 -4 50 
111 1378345 197 149 -263 
163 1380069 -128 -136 -219 
992 1381020 120 76 0 
12 1381027 -208 -232 -396 
12 1382580 -543 —544 -598 
992 1382999 -350 -311 0 
111 1383004 -82 -138 -106 
402 1383311 208 216 -11 
212 1383926 107 92 530 
111 1386406 87 62 445 
293 1387978 495 420 777 
293 1388586 241 204 410 
293 1388721 28 5 -654 
163 1390505 -147 — 1 56 -50 
163 1391173 192 178 313 
992 1392423 -119 -114 0 
552 1392858 76 70 552 
992 1394010 163 134 0 
293 1394348 120 89 1 16 
992 1395119 -309 -272 0 
402 1396885 89 65 -137 
212 1397209 462 431 765 
402 1397517 -37 —66 -579 
552 1397752 -178 -152 -7 07 
402 '.3902! 6 271 216 753 
992 1399209 -315 -2 83 0 
293 1399283 49 29 513 
212 1399380 164 131 326 
293 1399607 - 12 - 43 387 
553 1400575 721 694 8 '6 
403 1400686 91 62 • 167 
993 1400708 — 40 -74 0 
213 1402113 -318 -330 -833 
993 1404184 -74 -88 0 
403 14 04687 -474 -455 -1858 
294 140473S 212 175 -75 
213 1404814 -125 -130 445 
lfi4 1405530 268 268 348 
13 1406271 237 245 650 
294 1406895 -182 — 1 86 -169 
403 14C8640 206 1 53 383 
993 141000 i 206 168 0 
553 1410117 431 383 191 
112 1410387 -428 -463 -432 
403 1410984 —46 
— 100 -372 
294 1413165 69 62 630 
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Table 23. (Continued) 
1-Year Sire ID BLUP(w/o) BLUP(w) USDA^ 
294 1414231 -82 -136 -488 
213 1415015 -393 -384 -1 02 
993 1415597 -393 -356 0 
294 1415806 -306 -312 -541 
213 1416711 -38 -54 -37 
403 1417208 420 328 748 
403 1417390 -89 -145 -677 
13 1418927 -215 -214 -18 
993 1419523 199 156 0 
993 1420436 -118 -124 0 
164 1421257 -14 -5 -8 38 
993 1421391 -158 -159 0 
213 1421695 =384 -370 -42» 
993 1421713 —49 -91 0 
993 1422081 29 — 1 0 
403 1423201 -257 -263 -1587 
13 1423926 -334 -306 212 
164 1424932 -535 = 533 -752 
403 1425137 328 261 17 
294 1426597 107 81 736 
1 12 1426616 -450 -493 162 
993 1427281 2 OS 163 Q 
403 1427381 535 512 1428 
553 1427615 201 201 1131 
403 1428649 192 135 307 
213 1428809 -99 -113 216 
403 1429395 — 554 -553 — ÇSa 
993 1429914 87 36 0 
294 1430145 50 28 550 
993 1430276 -200 -241 0 
993 1431691 85 36 0 
993 1432503 162 108 0 
294 1432733 246 184 983 
213 14 33269 71 25 -11 
993 1433361 -253 -299 0 
403 14 2569 0 82 66 -81 
294 = 149 -178 -574 
993 1436971 -92 — 86 0 
164 1439097 427 423 749 
993 1439692 -591 —551 0 
993 1440109 -423 -431 0 
164 1441048 "32 -31 230 
403 1441148 -4 -21 -634 
993 1441749 -106 - 133 0 
993 1443425 -184 -163 0 
993 1443434 362 285 0 
13 1444368 -120 -128 -319 
993 1444974 -258 -238 0 
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Table 23. (Continued) 
Stud-Year Sire ID BLUP(w/o) BLUP(w) USDA^ 
993 1445874 -50 -62 0 
553 1447141 370 377 530 
403 1447395 -208 -235 -631 
294 1447414 385 335 1508 
993 1447523 348 285 0 
993 1447615 -103 -127 0 
993 1447691 -14 —44 0 
993 1449625 -72 -92 0 
993 1449654 -161 -142 0 
294 1450228 532 510 1080 
993 1450429 159 119 0 
993 14 50936 -113 -161 0 
294 Î45ÎÎ49 -118 -121 341 
993 1452319 153 1 18 0 
993 1452219 54 55 0 
403 1453994 =141 "•130 -1470 
403 1454800 -120 -146 6 
403 1455965 343 298 172 
993 1457016 -134 -127 0 
993 1457036 199 159 0 
993 1457081 -22 —68 0 
403 Î45S744 292 275 341 
403 1459996 -100 -105 -631 
993 1463059 -414 -391 0 
13 1463314 -78 — 66 -452 
993 1465469 -411 -372 0 
405 14-0303^ -59 -SB -367 
164 1468276 362 327 641 
993 1468589 93 23 0 
993 1468590 -99 -123 0 
403 1471171 23 -2 -412 
13 1471473 45 16 = 1016 
1 12 1472098 -206 -239 -279 
993 147 28 1 8 67 26 0 
294 1473442 414 313 746 
iÊ4 1473709 159 113 516 
993 1474560 -95 -117 0 
993 1475326 25 Î7 0 
993 1475917 -29 -41 0 
993 1476334 -371 -359 0 
993 1477355 78 25 0 
164 1479024 40 -4 487 
993 1480331 - 12 -41 0 
403 1431989 1 76 90 -448 
294 1482274 -213 -193 - 1109 
993 1482368 -138 -111 0 
993 1483048 318 281 0 
993 1484981 -78 -103 0 
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Table 23. (Continued) 
d-Year Sire ID BLUP(w/o) BLUP(w) USDA* 
993 1485862 -288 -288 0 
993 1488131 -241 -267 0 
993 1488657 -216 -224 0 
1 12 1488907 -284 -382 -105 
164 1489812 260 254 571 
993 148990 2 49 29 0 
164 1492486 574 532 1543 
13 1493686 17 -24 799 
164 1496636 333 317 646 
993 1497394 -148 — l 56 0 
993 1498100 -415 -400 0 
993 1498215 -8 -34 0 
993 1498334 -745 -738 0 
294 1499942 237 185 216 
165 1500395 180 141 446 
13 1500404 139 91 952 
994 1501533 -280 -300 0 
994 1502106 -433 -432 0 
994 1503250 -217 -207 0 
994 1505352 -104 -142 0 
994 1505503 232 130 0 
994 î505756 -120 -i 64 0 
13 1507827 -231 -234 -340 
1 12 1507983 -643 -657 -715 
553 1508569 509 493 603 
994 1506636 — 69 -90 0 
4S3 S5G5794 255 — 550 
994 1510299 -174 -171 0 
994 i5îiiQ4 -185 -213 0 
294 1513920 104 96 -59 
994 1514730 -2 84 —306 0 
994 1514781 -19 -77 0 
165 1515192 449 423 350 
994 1517574 -361 -384 0 
1Ô5 1517931 433 384 742 
994 1521592 -436 -421 0 
994 15207 04 -232 -256 0 
994 i 529362 —552 -523 û 
994 1529851 -155 -185 0 
994 1530457 «"510 — 500 0 
994 1531734 72 24 0 
994 1532485 -155 -177 0 
994 1533238 -415 —404 0 
403 1534171 341 295 661 
994 1534242 -603 -545 0 
994 1534779 -187 
-203 0 
994 1534925 -321 -316 0 
165 1538732 347 329 840 
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X. APPENDIX B; THE DERIVATION OF THE EXPECTED CORRELATION 
BETWEEN SAMPLE MEAN AND THE OVERALL MEAN 
The derivation of the expected correlation between sample mean and the 
overall mean: 
1) The expected correlation within group 
Let X, , X„ , ' * ' , X be the daughter averages of n sires 
Im 2ni nm 
with m daughters per sire, then 
X, +X„ + • • • + X , 
V(-^ ^ r —) = & [n Cov(X,_, X ) + n(n- l) 
n 11 xm xm 
0 
= ^ [V(X], assuming no correlation between sires 
X..+X + • • • + X. 
where V(X. ) = V(— — r-^)=;4[mo^ + m(m- l)o ] 
= —+ Ym - 1)^ ? ^"1. where 0 = Ig = h^O^/4 
m "  X  4  - '  
and 
= ^ [1+ (m-1)^], 
Let mg be a random sample from m daughters from each sire, then 
X, +X„ + • • • +X _ 
The covariance between sample and overall means is calculated as in 
the following: 
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Cov ( s s 
+ X 
•™s + + + x nniv 
n 
- cov + n(n- 1) Cov X )] 
S / s 
' ; C"' (Xi. ' V 
S 
Al+^i2+' • ' +^^-6 
= —[Cov (• 
m m 
Im ) ]  
tn 
+ (m -
-Km-1)2^] 
mn X 
= =%[! + (m- 1)^1 
mn 
The expected correlation 
S 
= ([1 + (m- DTl mm n ' s 
[1 + (in-l)^][l + (% - 1)%] vh2i 
87 
[ 1 + (m - 1)-^ ] 
m [ 1 + (nig - 1)^ ] 
2) The expected correlation within sire 
Let X, , X. , * • • ,X be the lactation averages of n daughters 
Im 2in nm 
with m lactations each daughter, then 
X, +X_ + • • • +X „ , 
'< n ^ - '> 
= — {— [ 1 + (m-l)r] + (n - 1)—•— } , where r is the repeatability 
n m 
_ 2 r 1 + (n - 1 )r ^  (n - l)h^ , 
X mn 4n 
Let ng be a random sample Ironi n daughters frcr. csch sire and with 
average mg lactations each over ng daughters, then 
V( g s s_S) 
1 + (m - l)r (n - l)h^ 
m : I 
S s s 
The covariance between sample and overall means 
X, + X- + • • • + X X, + X- + • • • + X +• • ' + X 
Im 2m n m Im 2m n m nm 
 ^ S-£, ) 
s 
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[n Cov(X<_ , X. ) + n (n-1) Cov(X. , X. )] 
n n s im ' im s Im im 
s s s 
where Cov(Xj^ , 
r,Xil+Xi2+ ' • ' + XlMs. • • • + 
' m m 
s 
-f* [ mV " 
mm s 
where < m*, since only the smaller m's gets all its variances. 
-^  [ + (m* - l)raM 
m * * 
% [l + (m* -l)r] 
m 
and Gov 
m ' îTi 
s 
-^[m^E(X . X ) + E(X,^ )] 
1 r mAh^O% m^(m* - i 
A * ^  4 4 ^ 
m m 
[m^ + m^(m*- 1)] 
4m m 
hfaS 
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Therefore 
I^m 2^ni •*" * ' ' \ m X + X + • • • + X 
s s 8 S Im 2m nm . 
n ' n 
s 
JL f^x[l + (m - Dr] (n - 1)^ ^ x-i 
n ^ * 4 
m 
= «2 r 1 + (m* - Dr , (n - l)h^ , 
"x * 4n ^ 
m n 
The expected correlation 
2ri + (m - Dr . (n - Dh^-. 
x^ * 4n J 
m n 
X , X 
n m nm 
s s /o2[î + (m-Hr + (n- l)h^, gZrJ 
x^ mn 4n x*-
h (^ s ~ ')tr 
m n 
s s 
("S 
4n 
1 + (m -l)r . (n - l)h^ 
/ri + (m-Dr . (n-l)h%,I + ("s-Dr . ("s - l)hS 
' i — ' 4n j L " •> mn 4n 
